INTRODUCTION 3 8
Life on Earth is classified into hierarchical taxonomic lineages that describe all living 3 9 systems as having descended from a common ancestor along three evolutionary lines. Using were used to compare the CaptureSeq method to standard shotgun metagenomic and amplicon-1 0 8 based approaches. The results indicate that CaptureSeq provides the taxonomic reach associated 1 0 9 with shotgun metagenomic sequencing combined with the sampling depth of amplicon-based 1 1 0 sequencing, giving an essentially complete, balanced, quantitatively accurate view of complex 1 1 1 microbial ecosystems with reduced sequencing effort. Microbial profiles were generated by CaptureSeq using samples from very different 1 1 5 environmental ecosystems including soil, manure and a non-aerated terrestrial pond using 1 1 6
CaptureSeq. These profiles provided a taxonomic overview of Bacteria, Archaea and Eukarya 1 1 7 simultaneously, and identified sequencing reads from 9,361 (soil), 9,306 (manure) , and 6,568 1 1 8 (pond) distinct taxonomic clusters (Supplemental Dataset S1). Additionally, the CaptureSeq 1 1 9 profile facilitated inter-Domain comparisons of read abundances between taxonomic groups, 1 2 0 since the abundances could be expressed in relation to the total pan-Domain community as 1 2 1 opposed to reflecting only the proportions within a single Domain (Figure 1) .
The soil sample microbiomes were composed primarily of Bacteria, with Proteobacteria 1 2 3 and Actinobacteria comprising 60% and 25% of the pan-Domain community respectively. Members of the phyla Acidobacteria and Gemmatinomonadetes represented an additional 5% 1 2 5 each of the microbiome. Total archaeal reads only accounted for 0.03-0.08% of the soil pan- Bacteria, they only represented 77-80% of the microbiome, compared to >99% for all of the soil 1 3 0 samples. CaptureSeq libraries from the manure samples contained 19-22% archaeal reads, of 1 3 1 which the vast majority were methanogens from the Phylum Euryarchaeota. The terrestrial pond 1 3 2 contained a much greater proportion and diversity of Eukaryotes, representing 6.7% of the 1 3 3 sequencing reads and 361 taxonomic clusters (Supplemental Dataset S1). De novo assembly of 1 3 4 eukaryotic sequencing reads from the terrestrial pond sample generated 11 OTU most closely 1 3 5 related to members of the Phylum Chlorophyta (green algae). Additionally, the assembly of OTU 1 3 6 most similar to Aenopholes sp. (mosquitoes), and three members of the Phylum Alveolata 1 3 7 (protists), suggests that CaptureSeq was able to retrieve cpn60 DNA from higher level Eukarya. Compared to reference sequences in cpnDB, these de novo assembled OTU had nucleotide 1 3 9
identities ranging from 59-84%, suggesting that the current probe array design and hybridization 1 4 0 conditions were sufficiently permissive to allow capture of novel cpn60 sequences (true 1 4 1 unknowns). The complex taxonomic diversity found in soil provided an opportunity to determine if 1 4 5
CaptureSeq yields a microbial community profile that accurately reflects the composition of the 1 4 6 community and facilitates insights into the response of the communities to perturbation. Therefore, replicate plots amended with antibiotics were compared to control (unamended) soil alternative that provides quantitative, pan-Domain analysis of complex communities. samples evaluated in the present study were obtained in 2013 following 15 sequential annual 3 4 2 applications of a mixture of sulfamethazine, chlortetracycline and tylosin, each added at 10 mg 3 4 3 kg -1 soil. Soil was sampled 30 days after the spring application of antibiotics. The plots were 3 4 4 planted with soybeans (Glycine max, v. Harosoy) immediately after incorporation of the 3 4 5 antibiotics. One triplicate group of plots had experienced no antibiotic treatment, and the other 3 4 6 triplicate set had received yearly antibiotic treatments since 1999 as described 51 . Genomic DNA 3 4 7 was extracted from 3.5 g of each soil sample using the PowerMax Soil DNA isolation kit (Mo- Bio Laboratories, Carlsbad, CA) with a 5 mL elution volume. DNA extracts were quantified 3 4 9 using a Qubit fluorimeter (Thermo Fisher Scientific, Waltham, MA, USA) and stored at -80°C 3 5 0 until processing and analysis. A water sample was obtained from a pond located on a Saskatchewan farm (51.99°N, -3 5 3 106.46°W) on May 13, 2016. Biological material was recovered from 2L of water by 3 5 4 centrifugation at 20,000 g for 20 minutes. Total DNA was extracted using a PowerWater DNA 3 5 5 extraction kit (Mo-Bio Laboratories, Carlsbad, CA) and quantified as described above. Genomic DNA to act as carrier DNA for spiking 10-fold decreasing amounts of a 3 5 8 synthetic community was generated by washing wheat seeds as previously described 23 , and known to lack all of the microorganisms comprising the synthetic community panel 23 . DNA, or approximately 10 8 , 10 7 , and 10 6 copies of each plasmid) were spiked into a background 3 6 7 of 10 ng/µl of wheat seed carrier DNA. Spiked genomic DNA samples prepared in this way were 3 6 8 sequenced using cpn60 universal target amplification and CaptureSeq as described below. The efficacy of the CaptureSeq hybridization was assessed prior to sequencing using and amplification conditions were as described previously 52 . Total bacteria were enumerated 3 7 2 using qPCR targeting the 16S ribsosomal RNA-encoding gene as described previously 53 . The cpn60 UT was amplified from synthetic community-spiked DNA or soil genomic amplification temperature for each sample were pooled and gel purified using the Blue Pippin 3 7 9
Prep system (Sage Science, MA, USA) with a 2% agarose cassette, and concentrated using to the type I and type II chaperone sequences. Design of probes was based on identifying 120bp 3 8 7 sequences from the reference database using a 60bp incrementing step. Thus the resulting probes 3 8 8 should share a 50% overlap with the next probe in a tiling-like fashion. The custom oligos were 3 8 9 bound to magnetic beads in equimolar concentration as a custom Mybaits array by Mycoarray 3 9 0 (Ann Arbor, MI, USA). Genomic DNA from each of the soil samples was diluted to 2.5 ng/µl and split into two aliquots of 100 µl each for shearing using a water bath sonicator as described 54 . Shotgun sheared genomic DNA sample using the NEBNext Illumina library preparation kit according to 3 9 6 the manufacturer's directions (New England Biolabs, MA, USA). Samples were then sequenced 3 9 7 with 2x250 bp cycles of v2 Miseq chemistry (Illumina, CA, USA). To generate the CaptureSeq libraries, the second aliquots of sheared genomic DNA 3 9 9 samples were subjected to end repair and index addition using NEBNext as above, then 4 0 0 hybridized to the capture probe array as described 54 . The chaperonin-enriched products were To compare the number of output sequencing reads for the different spiking levels, were used as queries for a BLAST search of GenBank using the default parameters to blastp.
1 2
Matching protein sequences were manually vetted to generate a list of 30,141 protein identifiers.
1 3
These protein identifiers were then used to retrieve the corresponding 30,120 nucleotide Dataset S2. The breadth of taxa that were retrieved by this method was similar to the taxonomic 4 1 7 2 0 breadth represented in the 16S and ITS reference datasets (Supplemental Dataset S3).
1 8
Sequencing reads from all soil samples were grouped into taxonomic clusters by paired local 4 1 9 alignment to this reference set of chaperonin genes using bowtie2. The sequencing libraries were 4 2 0 down-sampled to the size of the smallest shotgun metagenomic library (2,777 mapped paired 4 2 1 reads), and the relative abundances of each of the resulting taxonomic clusters was used as the 4 2 2 basis for assessing the alpha and beta diversity metrics of the three profiling methods for 4 2 3 equivalent sampling effort. Read pairs from target taxonomic clusters were assembled de novo into cpn60 OTU using Supplemental Table S1 . Template DNA was 4 3 2 digested prior to amplification using EcoRI at 37°C for 60 minutes. A final volume of 2-5 µl was 4 3 3 used as template for droplet digital PCR (ddPCR). Emulsions were formed using a QX100 4 3 4 droplet generator (Bio-Rad, Hercules, CA, USA), and amplifications were carried out using a 4 3 5 C1000 Touch thermocyler (Bio-Rad). Reactions were analyzed using a QX100 droplet reader 4 3 6 (Bio-Rad) and quantified using QuantaSoft (v.1.6.6) (Bio-Rad). Results were converted to copy 4 3 7 number/g soil extracted by accounting for sample preparation and dilution. For the prepared 4 3 8
CaptureSeq libraries, results were converted to copy number/µl by considering dilution factors. To compare the richness and diversity metrics between the three profiling techniques, 4 4 1 mapped sequencing reads were down-sampled from 250-2,750 reads to simulate a uniform 4 4 2 sampling effort across profiling techniques. Metrics were averaged across 100 bootstrapped 4 4 3 datasets using the multiple_rarefactions.py and alpha_diversity.py scripts from QIIME (v. 1.8.0) 4 4 4 58 .
5
In the cases where the total effect of sequencing effort was required for comparisons across 4 4 6 estimates of community coverage read thresholds were transformed to reflect total sequencing 4 4 7 effort for each sample. To compare the community similarity between different sequencing methods, mapped of inter-and intra-technique Bray-Curtis distance was calculated using the vegan package (v. 
